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We reported previously that insecticide exposures were widespread among minority women in 
New York City during pregnancy and that levels of the organopha;phate chlorpyrita; in umbilical 
cord pl<&na were inwrsely C&OCiated with birth ~ight and length. Here~ expand analyses to 
include additional insecticides (the organopha;phate diazinon and the carbamate propoxur), a 
larger sample size (n = 314 mother-newborn pairs), and insecticide measurements in maternal 
personal air during pregnancy as ~II as in umbilical cord pl<&na at delivery. Controlling for 
potential confounders,~ found no C&OCiation between maternal personal air insecticide levels 
and birth ~ight, length, or head circumference. For each log unit increase in cord pl<&na chlor
pyrita; levels, birth ~ight decreased 11)' 42.6 g [95% confidence interval (CI), -81.8 to -3.8, 
p = 0.03] and birth length decreased 11)' 0.24 ern (95% Cl, -0.47 to -0.01, p = 0.04). Combined 
measures of (ln)cord pl<&na chlorpyrifosand diazinon (adjusted for relative potency) were also 
inversely C&OCiated with birth weight and length (p < 0.05). Birth ~ight averaged 186.3 g less 
(95% C I, -375.2 to -45.5) among newborns with the highest compared with lcmest 26% of expo
sure levels (p = 0.01). Further, the C&OCiations between birth ~ight and length and cord pl<&na 
chlorpyrifos and diazinon were highly significant (p :;; 0.007) among newborns born before the 
2000-2001 U.S. Environmental Protection Agency's regulatory actions to phase out residential 
use of these insecticides. Among newborns born after January 2001, expa;ure levels were sulman
tially 1~, and no C&OCiation with fetal growth was apparent (p > 0.8). The propoxur metabolite 
2-isopropoxyphenol in cord pl<&na was inversely C&OCiated with birth length, a finding of border
line significance (p = 0.05) after controlling for chlorpyrifosand diazinon. Results indicate that 
prenatal chlorpyrifos expa;ures have impaired fetal growth among this minority cohort and that 
diazinon expa;ures may have contributed to the effects. Findings support recent regulatory action 
to phase out residential uses of the insecticides. Kf¥ 1MYCS: birth length, birth weight, insecticides, 
minority, prenatal, residential, urban, women. Environ Health Pen!pa:t 112:1125-1132 (2004). 
doi:10.1289/ehp.6641 available via http://dx.cbi.orgt [Online 22 March 2004] 

R:sticice Lre cpp:ars to be widespra:d anong 
minority populations residing in New York 
City (Berkowitz et al. 2003; Surgan et al. 
2002; Whyatt et al. 2002, 2003). A 1997 
study of pesticide use in New York State 
found that the h:atiESt application (in gallons 
and pounds) of legally registere::l pESticid:s by 
lirerred applicators occurred not in the~ri
cultural counties but in the boroughs of 
Manhattan and Brooklyn in New York City 
(Thier et al. 1998). Chlorpyrifos was the 
irs:rlicice mcst h:atily applied in New York 
City, and one of the ins:cticid:s mcst h:atily 
used by pest control operators for the New 
York City Housing Authority (Landrigan 
et al. 1999; Thier et al. 1998). A more ra:ent 
survey of pESt controii'T'635Ures used by resi
dents of public housing in New York State 
conducted during 2000-2001 by the New 
York State Attorney General's Office con
cluded that pESt problems and pesticide Lre 

lfl.ere related to housing censity (Surgan et al. 
2002). Specifically, 93% of the residents of 
public housing in New York City reported 
applying pESticid:s in their hom:s, and more 

than half said they did so once per week 
(Surgan etal. 2002). By contrcst, only 41% of 
public housing residents in Syracuse, New 
York, a IElffi densely populated arEE, applied 
pesticides, and more than half cpplied them 
once per )€Ell' or leE (Surgan et al. 2002). An 
ongoing prcspective cohort study of mothers 
and newborns delivered at Mount Sinai 
Hospital hcs also documented considerable 
indoor pesticide exposure during pregnancy 
among minoritywomen in New York City 
(Berkowitz et al. 2003). Similarly, our 
prospective cohort study being conducted 
by the Columbia Center for Children's 
Environmental HEEith (CCCEH) has shown 
widespra:d pESticide Lre during pregnancy in 
minority communities in New York City 
(Whyatt et al. 2002, 2003). ~fically, of the 
459 African-American and Dominican 
women interviewed, 85% reported using 
some form of pest control measures during 
pregnancy, and 35% reported using an exter
minator. Mcst of the pesticide use was for 
cockroach control (Whyatt et al. 2002). All 
women ha::l retECtable levels of at 1a:st thrre 
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ins:cticid:s (the organophcsphatESchlorpyri
fcsand diaz:inon and thecarmnatepropoxur) 
in personal air samples collECted over 48 hr 
during the third trim:ster. The insecticides 
were detECted in 45-74% of blood samples 
collECted from the mothers and newborns at 
delivery; maternal and newborn levels were 
similar and highly correlated, indicating the 
pesticides had been transferred from the 
mother to fetus during pregnancy (Whyatt 
etal. 2003). 

CollECtively, the::e findings raire concern 
over the potential hEEith effECts of residential 
pESticire Lre to the de.telopi ng fetus. Although 
I ittle is known about the effects of residential 
pESticireexposureanong human populations, 
experimental data in laboratory animals sug
gest that exposures to certain organophcs
phatES (including chlorpyrifcs and diaz:inon) 
during pregnancy or EErly life can imp:~ir fetal 
growth and neurooognitivede.teloprrent in the 
offspring [re.tie.rve::l by Eskenazi et al. (1999)]. 
Reduction in birth weight was also seen 
experimentally in a twOiJeneration reproduc
tive study of propoxur in rats, but only at 
high expcsure levels [U.S. Environmental 
ProtECtion A~ncy (EPA) 1997]. Our prior 
data shONed a statistically significant inverse 
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association between chlorpyrifos levels in 
umbilical cord blood samples and birth 
weight and length among newborns in the 
CCCEH cohort (Perera et al. 2003). The 
pre:ent study extends thEre prior finding:; in 
the same cohort to evaluate the cssociation 
bet\M:en birth outcom:s and levels of ch lor
pyrifos, diaz:inon, and propoxur rra:sured in 
maternal perronal air s:mpiEs collEcted during 
pregnancy and in umbi I ical cord blood s:mpiEs 
collEcted at deli'vel)'. 

Women were enrolled into the cohort 
betw:en 1998 and 2002 and the s:mple si2e is 
s::li'T8Nhat larg:r than that includ:d in our pre
vious report (Fereraet al. 2003). The effEc1s of 
the pesticidEs on birth outcom:s \/\ere~ 
in the total cohort, and then cgain after stratify
ing on )€81" of deli'vel)' be::at.re our prior data 
showed that levels of all three ins:cticides in 
maternal personal air samples and umbi I ical 
cord blood samplES had dropped sui:Etantially 
among cohort subjects by 2001, concurrent 
with the U.S. EPA regulatory action to pha::e 
out residentiaiLB:S of diaz:inon and chlorpyrifcs 
(Wh-,ett et al. 2003). 

Materials and Methods 
StudySJbjg:ts. The women in this report are 
part of an ongoing prcspectivecohort study 
of minority mothers and their newborns 
being conducted by the CCCEH. The study 
wcs initiated in 1997 toe.eluatetheeffectsof 
prenatal exposures to ambient and indoor 
pollutan1son birth outcomES, neurocognitive 
development, and procarcinogenic damage 
among a cohort of mothers and newborns 
from minority communities in New York 
City. In 1998, thestudybegan to gather infor
mation on prenatal pesticide u:::e in re;porre 
to growing concerns over the extent of rESi
dential insecticide use in New York City 
(Thieretal.1998). Todate,dataonbirthout
come; and ins:cticide levels in maternal per
sonal air samplES collEcted during pregnancy 
and/or in blood s:mpiEscollected at deli'vel)' 
have bEen gathered on 314 mother-newborn 
pairs in the cohort. Thee 314 mothers and 
neNborns are the subject of the pre:ent report. 
Bilingual research workers attended the 
prenatal clinics at Harlem and New York 
Pre::byterian hcspitals to explain the study and 
determine el igibi I ity if a woman wcs interested 
in participating. Study protocols-including 
eligibility requirements, the numbers of sub
jects enrolled, as well as the comparability 
bet\M:en there who cgreed to participate and 
these who refused-have been described in 
detai I pre.tiously (Perera et al. 2003; Whyatt 
et al. 2002, 2003). Thestudywcs rstricted to 
women 18-35 yers old who relf-identified cs 
African American or Dominican and had 
resided in Northern Manhattan (Central 
Harlem or Wcsh i ngton Heights! Inwood) or 
the South Bronx for ~ 1 )€81" before pregnancy. 
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Women were excluded if they smoked ciga
rettES or Uffid other tobaro produc1s during 
pregnancy; used illicit drug:;; had diabetes, 
hypertension, or known H IV; or had their 
first prenatal visit after the 20th V'vi:Ek of preg
nancy. Thestudywcsappro\e:J by the institu
tional review board of Columbia University, 
and informed conrent wcs obtained from all 
study subjects. 

Questionnaire data. A 45-min qUEStion
naire, administered to each woman in her 
home by a trained bilingual intervierverduring 
the third trimester of pregnancy, collected 
information on demographics, home charac
teristics, lifetime rsidential history, history of 
active and pee;ivesmoking, occupational his
tory, maternal education and income level, 
alcohol and drug u:::e during pregnancy, and 
history of rsidential pesticide u:::e. Information 
about pesticide u:::e included whether or not 
any pest control mecsures were used by an 
exterminator or by others (the woman herrelf, 
other household members, or the building 
superintendent) during pregnancy and, if so, 
what type; of rra:surs were Uffid (Perera et al. 
2003; Wh-,ett et al. 2002, 2003). 

Ptenafa/ rss:nal arbient air sarpk5. Ps 
described in detail previously (Perera et al. 
2003; Whyatt et al. 2002, 2003), women in 
the cohort \/\ere csked to \f\€ar a small back
pack during the third trimESter of pregnancy 
holding a perronal anbient air monitor during 
the daytime hours for 2 cons:rutive day.s and 
to pla:e the monitor near the bed at night. 
The personal air sampling pumps operated 
continuously at 4 Llmin over this period, col
lEcting particlEs of:::; 2.5 !Jm in dianeter on a 
pff:Cieane::l quartz microfiber filter and coi!Ect
i ng s:mivolati le vapors and rercsols on a poly
urethane foan cartridge backup. Analy,:es for 
pESticide levels were carried out at Southw:st 
Re:earch Institute as described previously 
(Pereraet al. 2003; Wh-,ett et al. 2002, 2003). 
For quality control (QC), a:d1 perronal moni
toring wcs coded cs to accuracy in flow rate, 
time, and completenE$ of documentation. A 
code of 0-1 indicated no or minor problers, 
2 indicated greater concern, and 3 indicated 
una:reptableand not ana1Y2ed. Three samplEs 
recEived a code of 3 and are not included in 
rESUlts here. Eleven women had personal air 
monitoring rESUlts with a QC code of 2; we 
performed statistical analy,:es both including 
and excluding there subjects. Results were 
erentially identical and are therefore pre:ented 
here for all women with a QC code of 0-2. 
The perronal monitoring took plcre bet\M:en 
February 1998 and May 2002. 

Bloodsarples. As:mpleof umbilical cord 
blood wcs collEcted cs clcre to delivery cs pcs
sible by syringing the blood into a heparini2ed 
syri~ to atoid clotting. A sample of mater
nal blood was obtained within 2 days post
partum into heparini2ed Vacutainer tubES by 

the hcspital staff. Blood proc:es:;i ng and analy
sis have been described in detail previously 
(Whyatt et al. 2003). Analys:s were under
taken at the Centers for D is:x:re Control and 
Prevention (Whyatt et al. 2003). Methods for 
the laboratory C'Ef!a/, including QC, repro
ducibility, and limits of detection (LODs), 
have also bEen published (Barret al. 2002). 
For chlorpyrifos and diaz:inon the parent 
compound wcs rra:sured in plcsrna, and for 
propoxur the chemical-specific metabolite 
2-isopropoxyphenol wcs nnecsured (Whyatt 
et al. 2003). The deliveriES took plcre betw:en 
March 1998and July 2002. 

MeasulfSoffelalgoNih. PsdEScribed pre
viously (Perera et al. 2003), information wcs 
abstracted by the rES:Erch workers from the 
mothers' and infants' medical records after 
deli'vel)', including date of delivery, gEStational 
cge at birth, infant rex, birth weight, length, 
head circumference, infant malformations, 
Apgar scorES, maternal height, prepregnancy 
weight, total weight gain, complications of 
pregnancy and delivery, and medications Uffid 
during pregnancy. 

Statistical analysis. We conducted multi
ple regression analys:s to nnecsure the con
tribution of antenatal insecticide exposure 
to birth outcomES. Model building prececa:l 
formal hypothesis testing. Covariates were 
relected from variablEs known to be a:rociated 
with ins:cticideexpcsure or fetal growth. To 
eliminate possible effects related to active 
smoking, subjects were excluded if the 
mother reported any smoking during preg
nancy or if plcsrna cotinine levels in either 
maternal or cord blood samplES collected at 
delivery exceeded 15 ng/ml (Perera et al. 
2003). Covariate; includ:d in the final models 
were rare/ethnicity, ge;tational age, parity, 
maternal prepregnancy\1\eight, and net \/\eight 
gain during pregnancy (maternal pregnancy 
weight gain minus the newborn's weight), 
maternal relf -reported environmental tobaro 
smoke in the horne, rex of the neNborn, and 
sxron of delivery. Models for hEa:l circumfer
enrealso includ:d whether or not the delivery 
wcs by o:sara:m rection. The following vari
ablES were evaluated as possible markers for 
socica:momic status but were not includ:d in 
the final modell::a:au:::e they \/\ere not a:EOCi
ated with birth outcom:s, did not improve the 
model fit, and did not substantially alter para
meter EStimatES, confidence intervals (Cis), or 
significant levels on variablES included in the 
final models: annual hoLEEhold income, mater
nal education, maternal rrarital status, material 
hardship during pregnancy, and d:greeof hot.& 
ing disrepair. Maternal alcohol consumption 
wcs not included becaLre few women drank 
during pregnancy and becau:::e alcohol con
sumption wcs not a significant predictor of 
birth outcomES. Maternal exposure to poly
cyclic aromatic hydrocarbons (PAHs) during 
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pregnancy (as measured by 48-hr personal 
monitoring) (Pereraet al. 2003) was not 
included in the final models l::a::au::e it did not 
improve model fit. However, to ensure that 
exp::sure to PAHs wcs not a confounder, mod
els including PAHsv...eree.taluated: ~ter 
estimatEs, Cis, and significance le..elsv.ere not 
altered from there reported here, although s:m
ple si;re wcs reduced l::a::au::e the variable wcs 
missing for a number of women. Restricted 
analyses v.ere also undertaken after removing 
the 12 i nfan1s born before 37 \f\.l:eks' g:station; 
main effec1s remained unchanged from there 
reported here for the whole cohort. Mast of the 
del iveriES v...ere fu II term l::a::au::e \f\.Omen v...ere 
not fully enrolled until environmen1al rre3Sllrt:S 
had bEen collECted during the third trimester 
and blood s:rnples (from the mother and/or 
ffiNborn) had bEen ob1ai ned at delivery. 8:m:Jn 
of deliverywcscontrolledcsour prior da1a indi
cate that pesticide le..els in personal air and/or 
blood s:rnpiES varied significantly by s:ason, 
with chlorpyrifosand 2-isopropoxyphenolle.t
els being highest in the summer and diazinon 
levels being highESt in the fall (Whyatt et al. 
2003). To e.taluate whether stratified ra::e/ 
ethnicity-specificanalyresshould be under
taken, intercrlion effec1s of pesticide level5 and 
ra::e/ethnicity on birth outcome; v...ere a:re:a:d. 
None of the intercction terms wcs significant, 
and analyses are therefore presented for the 
whole cohort controlling for ra::e/ethnicity. 

As dEScribed pre.tiously (Fereraetal. 2003; 
Whyatt et al. 2003), pesticide le..els in mater
nal and umbi I ical cord plcsrna s:rnpiES v.ere 
highly correlated (r = 0.76 for chlorpyrifos, 
r = 0.68 for diazinon, and r = 0.53 for 2-iso
propoxyphenol; p < 0.001, Sp:arman's rank). 
Therefore, in c:axs where the umbilical cord 
blood s:rnplewcs not collECted, the mother's 
valUES v.ere LEeCI ba::a:l on the following for
mules derived from regre:Eion analyses: 

Chlorpyrifos: (ln)ne.!Vborn plcsmachlorpyrifos 
=0.03+0.76 

x (ln)rnaternal plcsmachlorpyrifos 

Diazinon: (ln)ne.!Vborn plcsma diazinon 
= --0.08 + 0.59 

x (ln)maternal plcsmadiazinon 

2-lsopropoxyphenol: 
(In )ne.Nborn plcsma 2-isopropoxyphenol 

=0.49+0.44 
x (ln)materna12-isopropoxyphenol 

For chlorpyrifos, le..els in umbilical cord 
blood s:rnples \/\/ere available for 256 new
bornsand v.ere imputed from maternal blood 
levels for 31 ne.Nborns; for diazinon, le..els in 
umbi I ical cord blood s:rnpiES \/\/ere available 
for 257 newborns and were imputed from 
maternal blood levels for 45 ne.Nborns; and 
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for 2-isopropoxyphenol, levels in umbilical 
cord blood samples were available for 257 
newborns and v.ere imputed from maternal 
blood levels for 45 ne.!Vborns. I ns:cticide le.t
els in both maternal personal air and blood 
s:rnples \/\/ere available for 259 of the 314 
mother-newborn pairs (82%); mecsure; in 
either personal air or blood v.ere available for 
the remaining 55 pairs (18%). There wcs no 
difference in maternal relf-reported pesticide 
use between mother-newborn pairs with 
ins:cticides mecsured in both maternal per
sonal air and blood compared with pairs with 
mecsures in one or the other but not both 
(chi squared = 0.3,p = 0.6). 

PEsticide levels in personal air and blood 
s:mpiEs v...ere log-trarsformed before s1atistical 
analyses to normali;repositivelyskeM:d distrib
utions. ValUES below the LOD v...erem;igneda 
value of half the LOD. The log-transformed 
valUES v...ere initially entered into parallel mod
els as continuous variables. To evaluate the 
combined effec1s of chlorpyrifosand diazinon 
on birth outcomES, a methodology de..eloped 
by the U.S. EPA for conducting cumulative 
risk a:a:ssrrent for organopha:phatESwcs ured 
(U.S. EPA 2001b). Briefly, diazinon levels 
v.ere put intochlorpyrifosequi'valen1sba::a:l on 
the ratio of the chlorpyrifosand diazinon rela
tive potency fcctorscalculated by the U.S. EPA 
(U.S. EPA 2002a). The U.S. EPA hcs de..€1-
oped this methodology for cumulative risk 
a:a:sgrent for organopha:phates b::caure the 
i ns:cticides have a common mEChaniSll of tox
icity (a:etylcholine;tera:einhibition). The U.S. 
EPA ured fanale rat brain a:etylcholinestera:e 
inhibition after oral administration cs the end 
point for the toxicity v.eighting calculations; 
diazinonwcscalculated to be6-fold le:spotent 
than chlorpyrifos (U.S. EPA 2002). D iazinon 
le..els in chlorpyrifosequivalen1sv.eresummed 
with chlorpyrifos levels using U.S. EPA 
methodology. 

When the models indicated a significant 
association betwren a pe;ticideand one or 
more of the birth outcome; in a regression 
equation, the pesticide le..els v.erealso catego
ri2ed into four exposure group:; to e.taluate the 
da:e--rt:Sponre relationship:;. For pesticides in 
blood, 31% of chlorpyrifos levels, 48% of 
d iaz:i non le..els, and 50% of isopropoxyphenol 
levels v.ere below the L 0 D. There s:rnples 
\/\/ere cssigned to the loWESt exposure group 
(group 1 ), and the remaining subjECts \/\/ere 
ranked into thrre additional exposure group:; 
of equal number: Group 2 contained infan1s 
with the la.M:St third of detEC1able le..els, group 
3 contained infan1s with the middle third of 
detEC1able le..els, and group 4 contained infan1s 
with the highest third of detectable levels. 
Categorization into exposure group:; wcs done 
on all samples; ho\11/ever, si;re/group varied 
sorne.Nhat in the regression analyses b::caure 
of missing values for other covariates. For 
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chlorpyrifos, 32% of the nevvborns fell into 
group 1, 20% into group 2, 24% into group 3, 
and 25% intogroup4; for the combined rrm
sured of chlorpyrifosand diazinon, 26% fell 
into group 1, 22% into group 2, 26% into 
group3, and 26% intogroup4. Dummy vari
ablES \/\/ere LEeCI in the regression analyses to 
compare birth outcome; among nevvborns in 
exposure group 1 (there with nondetECtable 
le.tels) with birth outcome; among nevvborns 
in exposure groups 2, 3, and 4. Stratified 
analyses v.ere also conducted to evaluate the 
effec1s of the pesticideexposurt:S on birth out
come; among reNborns born before versus on 
or after 1 J:muary 2001. Resul1sareconsidered 
s1atistically significant atp < 0.05 (two-1ai led). 

Results 
Demographics, birth outcomES, and exposure 
charccteristics are pre:ented in Table 1. Figure 
1 shows levels of the insecticides in 48-hr 

Table 1. Demographics, birth outcomes, and expo
sure characteristics of the populations (n = 314) 
(mean ±SO or percent). 

Olaracteristics 

Matemal age !years'f 
Ethnicity (%) 

African Arrerican 
Daninican 

Matemal education (%'f 
<High school degree 
Highschool diplanaorGD 
>High school 

Matemal environmental tobacco smoke 
% reporting smoker in heme 

Matemal alcohol consumption" 

Values 

24.6±4.9 

42 
58 

34 
45 
21 

38 

25 %reporting any drinking during pregnancy 
%reporting regular> drinking 2 

162.6± 7.9 
68.3± 17.7 
12.8±7.0 

Matemal height (cm'f 
Matemal prepregnancy weight (kg) 
Matemal net weight gain 
during pregnancy (kg) 

C?estational age of newbom (weeks) 
Sex of the newbom (%female) 
Newbom birth weight (g) 
Newbom birth length (cm'f 
Newbom head circumference (cm'f 
Parity(% nulliparous) 
Fersonal air pesticide levels (ng/rrrf 

Ollorpyrifos 
Diazinon 
Ropoxur 

Unbilical cord blood pesticide 
levels (pg/g'f 
Ollorpyrifos 
Diazinon 
2-lsopropoxyphenol 

39.3± 1.4 
53 

3382.1 ±485.8 
50.9±2.6 
34.1 ± 1.5 

51 

15.3±31.8 
117.2±523.4 
53.6± 113.2 

4.0±6.1 
1.1 ± 1.3 
3.1 ±2.8 

•Missing data: maternal age, n = 1; education, n = 7; alcohol, 
n = 10; maternal height, n = 11; birth length, n = 5; head 
circumference, n = 16. tone alcohol drink or more per day 
during any trimester. "Pesticide levels in maternal air sam
ples were available for chlorpyrifos, n = 271; for propoxur, 
n = 271; and for diazinon, n = 269. <thlorpyrifos levels in 
umbilical cord blood samples were available for 2!:6 infants 
and were imputed from the mothers' values for 31 infants; 
diazinon levels in umbilical cord blood samples were avail
able for 251 infants were imputed from the mothers' values 
for 45 infants; and 2-isopropoxyphenollevels in umbilical 
cord blood samples were available for 251 infants and were 
imputed from the mothers' values for 45 infants. 
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~rronal air s:mpiES ooiiEcled from the mother 
during pregnancy (Figure 1A) and in umbili
cal oord plasma s:mpiES oollected from the 
newborn at deli-.ery (Figure 18) stratified by 
whether or not the infant 1/'J'C£ born before or 
after 1 J:muary 2001. As discus:ed in detail 
previously (Whyatt et al. 2003), except for 
diazinon in bloods:mpiEsthe ins::cticide la€1s 
v.ere substantially lov.er among infants born 
after 1 January 2001 (Figure 1; p:::; 0.001, 
in~dent t-tESt). By oontrast, pESticide u::e 
habits did not app:ar to char1ge over the sarre 
~riod. Sp=cifically, among women who gave 
birth before 1 January 2001, 85.6% reported 
using some form of pESt oontrol and 56.5% of 
u::ers reported using one or more of the more 
highly toxic pESt oontrol methods (can sprays, 
pe;t bombs, or sprays by an exterminator); 
among women who gave birth after 1 January 
2001,84.0% reported using some form of pESt 
oontrol and 54.5% of u::ers reported using one 

CJ Before 1 January 3XI1 

IIIli After 1 January 3XI1 

Ollorpyrifos 

4 1!1 
3 

2 

o IL==:::::L
allorpyritos 

or more of the more highly toxic methods, a 
difference that 1/'J'C£ not significant (chi s:Juared 
< 0.9,p> 0.7; data not shown). 

Table 2 providES rESU Its of the basic mod
els of oovariatES Lred in the regrESSion analy
s:s. The covariates explained 24% of the 
variance in birth v.eight, 15% of the variance 
in birth length, and 32% of the variance in 
hEad circumference. Therev.ere no significant 
associations between the birth outcomes 
(v.eight, length, or hEEd circumference) and 
maternal self-reported use of pest control 
methods during pregnancy (all p-value;> 0.1 
in the regrex;ion analys:lS; data not shown). 

Table 3 shows results of the regression 
analyses of the a:rociation bet\M:en birth out
rome; and the organophosphate i ns::cticidES 
chlorpyrifos and diazinon in a) ~rsonal air 
s:mpiEs oollected from the mother o-.er 48 hr 
during the third trime:ster of pregnancy and 
b) blood s:mpiEscollected from the newborn 

0 ~.L==:::::L-
Diazinon 

at deli-.ery. The effect si;re (B) repre:ents the 
char1ge in birth v.eight (grarrs ), length ( centi
meters), and hEad circumference (centimeters) 
for a:ch log unit incra:re in ins::cticide levels. 
None of the associations betvveen the birth 
outoome:s and the organophosphate levels in 
maternal ~rsonal air s:mpiES 1/'J'C£ statistically 
significant (all p-vaiUES > 0.1). The asso
ciations between birth outcomes and the 
organophosphate ins::cticide levels in mater
nal personal air samples remained nonsig
nificant when anal'f-ES stratified on yEEr of 
del i-.ery (before \S. after 1 January 2001 ; data 
notshONn). 

We found a significant in-.erre m;ociation 
between birth v.eight and length and levels 
of the organophosphates in umbi I ical cord 
plasma. ~fically, birth v.eight c:IEmE:e::l by 
42.6 g (95% Cl, --81.8 to -3.8, p = 0.03), and 
birth length c:lecra:m:l by 0.24 ern (95% Cl, 
--0.47 to --0.01, p = 0.04) for 63ch log unit 

0 t..:=::==:::i __ 
Propoxur 

4 

3 

2 

0 1..:::::==:::1._-
2-lsopropoxyphenol 

Figure 1. Geometric mean insecticide levels in (A) maternal personal air samples collected over 48 hr during the third trimester of pregnancy and (B) in umbilical 
cord blood samples at delivery stratified by whether the delivery took place before or after 1 January 2001. 
*p <; 0.01 (independentt-test). 

Table 2. Regression models of covariates controlled in analyses of associations between insecticide levels and newborn birth outcomes. 

Constant 
Gestational age (weeks) 
Maternal prepregnancyweight (kg) 
Maternal net pregnancy weight gain (kg) 
Sex of newborri' 
Parity" 
Race/ethnicilf 
EJS in horrJed 
Season 1e 
Season2r 
Season2f! 
~I ivery by cesarean section" 

Birth weight 
(g; n= 314;R2= 0.24, 

F= 9.6, p< 0.001) 
B±SE p-Value 

-2227.4± 733.9 0.003 
136.2± 18.5 <0.001 

4.8 ± 1.5 0.001 
7.8±3.6 0.03 

-77.5±49.5 0.12 
41.4±49.8 0.41 

-57.8±53.0 0.28 
--67.6±51.4 0.19 

-120.0± 70.4 0.09 
-102.1±70.9 0.15 
-185.4± 73.6 0.01 

NA 

Abbreviations: ETS, environmental tobacco smoke; NA, not applicable. 

Birth length 
(em; n = 309; R2 = 0.15, 

F= 5.6, p < 0.001) 
B±SE p-Value 

27.5±4.2 <0.001 
0.60±0.1 <0.001 

0.007±0.008 0.39 
0.002±0.02 0.92 
--D.68 ± 0.28 0.02 
0.29±0.29 0.31 
0.22±0.30 0.46 

--D.52±0.30 0.08 
--D.30±0.40 0.46 
--D.67±0.41 0.10 
--D.63 ± 0.42 0.14 

NA 

Head cirrunfererre 
(em; n = 298; R2 = 0.32, 

F= 12.3, p< 0.001) 
B±SE p-Value 

16.3±2.3 <0.001 
0.43 ± 0.06 < 0.001 

0.015±0.004 0.001 
0.027 ± 0.01 0.01 
--D.66±0.15 <0.001 
0.23±0.15 0.13 

--D.33±0.16 0.04 
--D.35±0.16 0.02 

0.03 ± 0.21 0.88 
0.04 ± 0.21 0.87 
--D.4 ± 0.22 0.07 
0.17±0.11 0.14 

'U= male; 1 =female.LD= nulliparous; 1 =at least one prior live birth. '0= Dominican; 1 =African American. <tl= no; 1 =yes. 'O=surrrner; 1 =winter; ttl= summer; 1 =spring;!{)= surrrner; 
1 = faii/U = no; 1 =yes. 
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incra:re in cord plasma chlorpyrifcs levels. 
Birth V'veight and length also decrea::ed with 
incra:sing levels of cord plasrra (ln)diaz:inon 
and the effect si2e wcs similar to that s:en for 
chlorpyrifcs, but the standard error wcs larger 
and the results \ll.ele not significant. HCl\1\ever, 
when chlorpyrifcsand diaz:inon levels \l'vere 
summed (after adjusting for relative potency), 
birth V'veight decra:s:;d significantly by 49.1 g 
(95% Cl, -91.3 to --6.9, p = 0.02) and birth 
length by 0.27 em (95% Cl, --0.52 to --0.02, 
p= 0.03) fora:chiOJ unit incra:re in the sum 
of the ins:cticic:IEs in chlorpyrifcsa:Juivalents. 

Table 4 shows results of the regression 
analys:s of birth V'veight and length among 
infants stratified into four expcsure groups 
l::la:Ecl on incra:sing levels of chlorpyrifcsand 
diaz:inon in cord plasrra. TheeffectsV~.ere prin
cipally s:en anong re.Nborns with the highEst 
exposures (group 4). Birth V'veight averq]ed 
150.1 gleE (95% Cl, -287.7to-12.5)anong 
re.Nborns in group 4 compared with there in 
group 1 for chlorpyrifcsexpcsurs (p = 0.03), 
and birth length~ 0.75 em lESS (95% 
Cl, -1.6- 0.06, p = 0.07). Birth V'veight aver
cge:J 186.3 g lESS (95% Cl, -327.2 to -45.4) 
anong re.Nborns with group 4 compared with 
group 1 combined exposure; to chlorpyrifcs 
and diaz:inon (in chlorpyrifcsequivalents, 
adjusted for relative potency; p = 0.01 ), and 
birth length averaged 0.8 em less (95% Cl, 
-1.6 to 0.02, p = 0.056). By contrcst, there 
\l'vere no significant differeno:s in birth out
comes among newborns in the s=cond and 
third expcsuregroupscompare::l with there in 
the first expcsuregroup. 

Table 5 show; the m;ociation betw:en the 
umbilical cord plasrra organopha:phate levels 
and birth V'veight and length anong re.Nborns 
born before versus after 1 January 2001. A 
difference in the ~nitude of the effECts by 
',€Elr of delivery wcs s:en. Specifically, among 
newborns born before 1 January 2001, an 
in-.erre and highly significant cssociation wcs 
s:en betv\en (ln)chlorpyrifcslevelsand both 
birth V'veight (B = --67.3 g/unit, p = 0.008) and 
birth length (B = --0.43 em/unit, p = 0.004). 

Children's Health 

By contrast, among newborns born after 
1 January 2001, the relationships \l'vere no 
longer inverse nor significant (p > 0.5), 
although the 95% CIs were wider bECause 
of re::lured s:mplesi2e. Similarly, among reN

borns born before 1 January 2001, a highlysig
nificant in-.errecssociation wcss:en betv\en 
the (In )combined levels of chlorpyrifcsand 
diaz:inon (in chlorpyrifcsa:Juivalents)and both 
birth V'veight (B = -72.5 g/unit, p = 0.007) and 
length (B = --0.46 em/unit, p = 0.004 ). Among 
re.Nborns born after 2001, the ~nitude of 

the effECt wcs much leE and no longer signifi
cant (p> 0.8; Table5). Among re.Nbornsborn 
before 1 J:muary 2001, 34% had combined 
group 4 exposure levels of chlorpyrifcs and 
d iaz:i non, whera:s anong re.Nborns born after 
1 J:muary 2001, only one (1.5%) had com
bined group 4 exposure levels---a difference 
that wcs highly significant (chi s:Juare::l =50, 
p<0.001). 

Results of the regrESSion analys:s of the 
cssociations betv\en birth V'veight and length 
and the carbamate insecticide propoxur in 

Table 4. Differences in birth weight (g) and birth length (em) by cord plasma organophosphate exposure 
groups8 

Ollorpyrifos Ollorpyrifos and diazinori' 
8±SE p-Value 8±SE p-Value 

Birth weight 
Qoup 1 vs. group 2 39.2 (-107.3 to 185.7) 0.60 -78.5 (-225.5 to 68.5) 0.29 
Qoup 1 vs. group 3 -50.9 (-188.2 to 86.3) 0.47 -33.1 (-173.7to 107.4) 0.64 
Qoup 1 vs. group 4 -150.1 (-287.7 to -12.5) 0.03 -186.3 (-327.2 to -45.4) 0.01 

Birth length 
Qoup 1 vs. group 2 0.17 (-D.70 to 1.0) 0.71 -D.06 (-D.93 to 0.81) 0.89 
Qoup 1 vs. group 3 -D.21 (-1.0to0.61) 0.61 -D.OOS (-D.84 to 0.82) 0.99 
G"oup 1 vs. group 4 -D.75 (-1.6 to 0.06) 0.07 -D.80 (-1.6 to 0.02) 0.056 

"Newborns were categorized into four exposure groups based on cord plasma organophosphate levels (see "Materials and 
Methods"). Durrrny variables were used in the regression analyses to compare birth outcomes among newborns in expo
sure group 1 with birth outcomes among newborns in exposure groups 2, 3, and 4. Covariates included in the regression 
models were gestational age of the newborn (weeks), maternal prepregnancy weight and weight gain during pregnancy 
(kilograms), newborn sex (0 =male; 1 =female), parity (0 = nulliparous; 1 = at least one prior live birth), ethnicity (0 = 
Dominican; 1 =African American), environmental tobacco smoke in the home (0 =no; 1 =yes) and season of delivery 
(durrrny variable 1: 0 =summer; 1 =winter; dummy variable 2: 0 =summer; 1 =spring; dummy variable 3: 0 =summer, 1 =fall). 
tsum of chlorpyrifos and diazinon in chlorpyrifos equivalents adjusted for relative potency. 

Table 5. Regression analyses" of birth weight and length and organophosphate levels in umbilical cord 
plasma samples for infants born before and after 1 January 2001. 

Birth weight (9} Birth length (em) 
8(95%CI) p-Value 8(95%CI) p-Value 

Bam before 1 January 2001 1[7 = 237) 
Ollorpyrifos -67.3 (-116.6 to -17.8) 0.008 -D.43 (-D.73 to -D.14) 0.004 
Sum chlorpyrifos and diazinor/' -72.5 (-125.0 to -20.0) 0.007 -D.46 (-D.77 to -D.14) 0.004 

Bam after 1 January 2001 1[7 = 77) 
Ollorpyrifos 30.7 (-108.6 to 169.9) 0.66 0.07 (-D.65 to 0.79) 0.85 
Sum chlorpyrifos and diazinor/' 0.6(-144.7to 145.9) 0.99 -D.07 (-D.82 to 0.67) 0.84 

'tach (ln)insecticide level was entered as the independent variable into a parallel multiple linear regression model. 
Model covariates were gestational age of the newborn (weeks), maternal prepregnancy weight and weight gain during 
pregnancy (kilograms), newborn sex (0 =male; 1 =female), parity (0 =nulliparous; 1 =at least one prior live birth), ethnic
ity (0= Dominican; 1 =African American), environmental tobacco smoke in the home (0= no; 1 =yes), and season of deliv
ery (dummy variable 1: O=summer; 1 =winter; durrrnyvariable2: 0= summer; 1 =spring; durrrnyvariable 3: 0= summer; 1 
=fall); models for head circumference included whether or not the delivery was by cesarean section (0 = no, 1 =yes). 
tsum of chlorpyrifos and diazinon in chlorpyrifos equivalents adjusted for relative potency. 

Table 3. Change in birth outcomes for each log unit increase in organophosphate insecticide levels in 48-hr personal air samples collected from mothers during 
the third trimester of pregnancy (ng/m') and in umbilical cord plasma samples collected from newborns at delivery (pg/g)8 

Birth weight (g) Birth length (em) Head circumference (em) 
8(95%0) p-Value 8(95%0) p-Value 8(95%CI) p-Value 

Maternal personal air samples 
Ollorpyrifos -17.7 (-64.2 to 28.9) 0.46 -D.02 (-D.28 to 0.25) 0.91 -D.04 (-D.18 to 0.10) 0.59 
Diazinon 13.8 (-23.2 to 50.8) 0.46 0.07 (-D.14 to 0.28) 0.52 -D.03 (-D.14 to 0.09) 0.67 
Sum chlorpyrifos and diazinorl' -5.1 (-50.7 to 40.4) 0.82 -D.01 (-D.27 to 0.25) 0.92 -D.03 (-D.17 to 0.11) 0.71 

Cord plasma samples 
Ollorpyrifos -42.6 (-61.8 to -3.8) 0.03 -D.24 (-D.47 to -D.01) 0.04 -D.01 (-D.13 to 0.11) 0.86 
Diazinon -44.2 (-119.5 to 31.0) 0.25 -D.32 (-D.75 to 0.11) 0.15 -D.07 (-D.30 to 0.16) 0.53 
Sum chlorpyrifos and diazinor/' -49.1 (-91.3 to -6.9) 0.02 -D.27 (-D.52 to -D.02) 0.03 -D.02 (-D.15 to 0.11) 0.73 

'tach (ln)insecticide level was entered as the independent variable into a parallel multiple linear regression model; model covariates were gestational age of the newborn (weeks), 
maternal prepregnancy weight and net weight gain during pregnancy (kilograms), newborn sex (0= male; 1 =female), parity (0 =nulliparous; 1 =at least one prior live birth), race/ethnic
ity (0 =Dominican; 1 =African American), environmental tobacco smoke in the home (0 =no; 1 =yes), and season of delivery (durrrny variable 1:0 =summer; 1 =winter; durrrny variable 
2: 0= summer; 1 =spring; durrrnyvariable 3: 0= summer; 1 =fall); models for head circumference included whether or not the delivery was by cesarean section (0= no, 1 =yes). tsum of 
chlorpyrifos and diazinon in chlorpyrifos equivalents adjusted for relative potency. 
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maternal personal air samples, cs \/\.ell cs the 
propoxur metabolite 2-isopropoxyphenol in 
umbilical cord blood scmples, are pre:ented in 
Table 6. Birth length c:lecrecred by 0.51 em 
(95% Cl, --0.98 to --0.05) for a:ch log unit 
incre:ee in cord plcsrna 2-isopropoxyphenol 
levels (p = 0.03). Noneoftheother aa::ciations 
was statistically significant. After stratifying 
infants into four exposure groups bcsed on 
incre:sing levels of 2-is:Jpropoxyphenol in cord 
plcsrna, a decra:re in birth length was s:en 
anong ffit\lborns in both group 3 and group 4 
compared with group 1; hONeJe!", the differ
ence; \/\.ere not significant. Specifically, com
pared with ne.rvborns in group 1, birth length 
wcs 0.54 em less (95% C I, -1.3 to -0.27) 
among newborns in group 3 (p = 0.19) and 
0.68 em leE (95% Cl, -1.5 to --0.14) anong 
ffit\lborns in group 4 (p = 0.1; data not shown). 
Table 6 also shows the cssociation bet\1\lEen 
(ln)2-iropropoxyphenol and birth length strati
fied by }e3r of del i\.ery. Among ffit\lborns born 
refore 2001, the aa::ciation betvl.e:n (ln)2-iso
propoxyphenol and birth length wa5statistically 
significant (B = -0.73 em/unit, p = 0.01 ). 
Among ne.rvborns born after 1 J:muary 2001, 
thecm::riation remained in'velre but the rncgni
tude of the effECt wa5 less and no longer sig
nificant (B = --0.30 em/unit, p = 0.56). No 
CffiOCiation wa5 s:en bet\1\lEen infant hEad ci r
cumference and levels of propoxur or its 
metabolite in maternal personal air and cord 
blood scmpiEs (data not shown). 

A weak but significant correlation wcs 
s:en bet\1\lEen 2-isopropoxyphenol and the 
sum of chlorpyrifosand diazinon in cord 
plasma (r = 0.25 among newborns born 
before 1 J:muary 2001, p < 0.001, SpEarman's 
rank). Therefore, regression analya:s\1\.erealso 
undertaken controlling for all thrre ins:cti
cides simultaneously to ensure that the main 
effects reported above were not caused by 
confounding by the other ins:cticide. ThEre 
analyres \/\.ere restricted to newborns born 
before 2001. After control! i ng for cord 
plcsrna 2-isopropoxyphenol (in addition to 
the other potential confounders), the CffiOCia
tions bet\1\lEen birth \/\.eight and length and 
cord plasma (In )chlorpyrifoscs \/\.ell cs the sum 

of cord plcsrna (ln)chlorpyrifos and diazinon 
(in chlorpyrifosa:Juivalentsa::ljusted for relati\€ 
potency) remained significant (p:::; 0.02), and 
the effect size remained similar to that s:en 
without 2-isopropoxyphenol in the model. 
Among newborns born before 1 January 
2001, birth weight averaged 196.5 g less 
(95% Cl, -369.9 to -23.1, p = 0.03) among 
there with group 4 compared with there in 
group 1 for combined cord plasmachlorpyri
fosand diazinon exposures (controlling for 
2-isopropoxyphenol and the other potential 
confounders). Ho\/\.e\.€r, after controlling for 
chlorpyrifos and diazinon, the a:rociation 
betw:en 2-isopropoxyphenoland birth length 
remained inverse but the effect size was 
reduced (B = --0.57 em/unit compared with 
B = -0.73 em/unit) and the association 
dropped to borderline significance p = 0.05). 

Discussion 
ThEre results confirm our Earlier finding:; of an 
in'velre aa::ciation bet\1\lEen chlorpyrifcs le..els 
in umbi I ical cord plcsrna and birth \/\.eight 
and length (Perera et al. 2003). Further, a 
da:e--response relationship was additionally 
s:en in the present study. Specifically, the 
CffiOCiation bet\1\lEen cord plasma chlorpyrifos 
and reduced birth weight and length was 
found principally among newbornswith the 
highest 25% of expcsure levels. By 2001, after 
exposures had bEen reduced becau:e of U.S. 
EPA regulatory action, almost none of the 
newborns had thEre higher exposure levels, 
and the association betwren cord plasma 
chlorpyrifos le..elsand birth \/\.eight and length 
wa5no longer in\€rreorsignificant. 

Results from the pres::!nt study also sug
gest the possibility that prenatal diazinon 
exposures may have contributed to fetal 
growth deficits. Although the a:rociations 
s:en here betw:en cord plasma d iazi non levels 
and birth \/\.eight and length \/\.ere not signifi
cant, both decra:red with incra:sing diazinon 
levels, and the effect size was similar to that 
s:en for chlorpyrifos. In a::ldition, when \/I.e 

Lred the U.S. EPA methodology for cumula
tive risk a:a:s::ment for organophosphates to 
look at the combined effect of chlorpyrifos 

Table 6. Change in birth outcomes for each log unit increase in propoxur in maternal personal air samples 
(ng/m3) and 2-isopropoxyphenol in cord plasma samples (pg/g). 

Propoxur in maternal personal air (total sample) 
2-lsopropoxyphenol in cord plasma (total sample) 
stratified by year of delivery 

Bom before 1 January 2001 
Bom after 1 January 2001 

Birth weight (g) Birth length (em) 
B(95%CI) p-Value B (95% 0) p-Value 

19.5 (-29.6 to 68.5) 0.44 0.19 (-D.09 to 0.47) 0.17 
-ffi.6(-146.7to 15.4) 0.11 -D. 51 (-D.98 to -D.OS) 0.03 

-75.8 (-171.1 to 19.5) 0.12 -D.73 (-1.3 to -D.17) 0.01 
0.56 -107.3 (-298.7 to 84.2) 0.27 -D.30 (-1.3 to 0.71) 

Each (ln)insecticide level was entered as the independent variable into a parallel multiple linear regression model. Model 
covariates were gestational age of the newborn (weeks), matemal prepregnancy weight and net weight gain during 
pregnancy (kg), newbom sex (0 =male; 1 =female), parity (0 =nulliparous; 1 =at least one prior live birth), ethnicity (0 = 
Dominican; 1 =African American), environmental tobacco smoke in the home (0 =no; 1 =yes) and season of delivery 
(dummy variable 1: 0= summer; 1 =winter; dummyvariable2: O=summer; 1 =spring; dummyvariable3: O=summer; 1 = 
fall); models for head circumference included whether or not the delivery was by cesarean section ((0 =no, 1 =yes). 

and diazinon, the rncgnitudeof the effect on 
birth \/\.eight wa5 grEater than that for chlor
pyrifosalone. ThEre findingsareconsistent 
with experimental e.tidence in laboratory ani
mals, which hcsshown a link betw:en both 
chlorpyrifosand diazinon exposures during 
pregnancy and reduced fetal growth (Eskenazi 
et al. 1999; Srre;:Ja11999; U.S. EPA 2000b). 
Further, combined expcsures to diazinon and 
chlorpyrifos\1\.ere common anong the pre:ent 
cohort. Both \/\.ere detected simultaneously in 
1 00% of the maternal personal air samples 
and in more than one-third of cord blood 
samples. A significant correlation was s:en 
bet\1\lEen the two ins:cticides in personal air 
(r= 0.3, p < 0.001 )and cord blood (r= 0.57, 
p < 0.001, SpEarman's rank). 

Nonetheless, caution is nEEded when eval
uating thEre results, in part I:Ecau:e the U.S. 
EPA toxicity Vl.eighting factors used here to 
sum chlorpyrifosand diazinon le\elsare bcrecl 
on brain acetylcholinesterase inhibition, 
whereas the mechanisms for the potential 
fetal growth effectsCffiOCiated with the i ns:cti
cides are not known. Chlorpyrifos hcs bEen 
shown experimentally to inhibit acetyl
cholinesterase, down-regulate muscarinic 
rereptors, inhibit theadenylatecycla:esignal
ing ccs::ade, decra:re brain DNA and RNA 
synthesis, and suppress neurite outgrowth 
(Dam et al. 1998; Eskenazi et al. 1999; 
..bhnsonetal. 1998;Siotkin 1999;Songetal. 
1997). Experimental e.tidence hcsalso linked 
chlorpyrifosand diazinon exposures during 
gestation or the early postnatal period to 
ad\€rre neurodeveloprnental requelre in the 
offspring (revi6Ned in Eskenazi et al. 1999; 
Landrigan et al. 1999). 

Additionally, in the pre:ent study \/I.e found 
the aa::ciation betw:en chlorpyrifosand diaz:i
non expcsure:; and fetal gra.Nth only when the 
biorncTkers\1\.ere us:d csa dcsirreter of prenatal 
exposure and not when environmental mxs
ures (materna148-hr perronal air le..els during 
the third trim:ster)\1\.ere us:d. Therearere.eral 
possible explanations for this discrepancy. 
Biomarkers can be Lreful in understanding the 
role of environ mental contaminants during 
fetal de..eloprnent in part IH:a.Jre they are inte
grating dosimeters. This may be particularly 
important for ins:cticides IH:a.Jreexpcsure can 
come from multiple sources (diet, residential, 
and workpla:e u:e) and multiple routes (irg:s
tion, inhalation, and dermal ctmrption ). Both 
chlorpyrifcsand diazinon, for exanple, are reg
istered for u:e on numerous food crop:; (Srn:g31 
1999; U.S. EPA 2000b), and diet may be a sig
nificant source of expcsure to thEre irs:cticides 
(Curl et al. 2003; Fenskeet al. 2002). A ra:ent 
c;mregate-exposuresstudy of four pesticides, 
including chlorpyrifosand diazinon, among 
102 children from Minnesota concluded that 
ingestion wcs by far the dominant route of 
expcsure (Clayton et al. 2003). Another study 
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found chlorpyrifcs Jt:Sidu:s in 38% of the food 
samples collected over 4 days from 75 indi
viduals (Mac I ntcsh et al. 2001 ), although 
dietary intakes v.ereestimated to a:rount for 
only approximately 13% of cmreg:rteexpcsure; 
(Pang et al. 2002). Dermal al::rorption and 
nonintentional ing:stion may alro resignificant 
soura:s of expcsure to re;idu:s of the ins:cti
cic:IEs on surfa:l:s in the horne after rESidential 
tre (Carnann et al. 1995; Gordon et al. 1999; 
Gurunathan et al. 1998; Whitmoreet al. 
1994). Finally, the biomarkers may provide 
retter dosimeters of the dae to the ~t tffile 
than rra:sure; of maternal prenatal expcsure 
IJec:atre they reflect not only the amount of 
irs:cticic:IEsctrorred by the mother but alro the 
amount of the absorbed dere that has bEen 
transferre::l to the c:e..eopi ng fetus. 

However, limitations in the biomarkers 
nEed to re rec:aJnized. We rra:sured the bio
markers at a single time point only (delivery), 
and it is not ciEEr to what extent tllEl:e mEES

urernents reflect exposure; over critical win
dows during pregnancy. In ca::es of chronic 
exposure, a biomarker measured at a single 
time point can provide a repre:entative dcsi
rnetere.en if the toxicant hcsashort half-life. 
Cotinine, for example, has a half-life of 
15-40 hr in plcsmabut is \Nell validated as a 
biomarker of cigarette smoke exposure, 
including during pregnancy (Kernrneren et al. 
1994; Pojer et al. 1984; Woodward et al. 
1991 ). Ho\1\€\er, this may notre the a:re for 
short-term biomarkers if expcsure; are spo
radic. Previous studies with chlorpyrifos, 
which is similar to other semivolatile pesti
cides including diaz:inon, indicate that after 
rESidential t.re, air le.els peak in a two-phcre 
proress: an rerosolized particle pha:ewith 
rESidue concentration on surfa:e areas peak
ing after 36 hr and a gas pha:e that begins 
12 hr after application and continues for at 
la:st 2 \1\Eeks, with rESidue concentrations on 
surfa:earecs peaking after 72 hr at levels simi
lar to there in the initial particle pha:e and 
then declining rapidly (Gurunathan et al. 
1998). Our prior data indicate that women in 
the cohort often Lred i ns:cticides repeatedly 
during pregnancy (Whyatt et al. 2002). How 
long the insecticides persist in the indoor 
environment is not known, although it is 
probably longer than in the outdoor environ
ment IJec:atre of lEss degradation by microor
ganisms, hydrolysis, and ultraviolet light. 
Once absorred, the ins:cticic:IEs appear to re 
rapidly eliminated with biologic half-lives 
on the order of hours to days in adults (Barr 
et al. 2002). Data are lccking on the half-life 
of the ins:cticides in the fetus, and it is possi
ble that it is longer than in the adu It IJec:atre 
of reduced ciEErance mechanisms, as hcs bEen 
documented for other toxicants including 
nicotine (Lambersand Clark 1996; National 
Res:arch Council 1993). In addition, other 

Children's Health 

factors may be operating to modulate fetal 
ins:cticide levels either during pregnancy or 
at deli'very. 

Our finding:;support the ra:ent U.S. EPA 
regulatory cction to phcre out rESidential us:s 
of thEre ins:cticides. In June 2000, the U.S. 
EPA entered into an ~ra:rrent with the reg
istrant to begin phcsing out rESidential us:s of 
chlorpyrifcs and to terminate all retail sales 
for indoor tre by December 2001 (U.S. EPA 
2000a). In January 2001, the U.S. EPA 
entere::l into an ~ra:rrent with the registrant 
to begin phasing out rESidential us:s of diaz:i
non and to terminate all retail sales for indoor 
t.re by Decemrer 2002 (U.S. EPA 2001a). 
Before this regulatory action, the U.S. EPA 
estimated that approximately 75% of U.S. 
diaz:inon treand 50% of U.S. chlorpyrifcs tre 
VI/ere for residential pest control (U.S. EPA 
2000a, 2001a). Our rESUlts indicate that tllEl:e 
regulatory cctions ha.€ bEen sucx:e:Eful at sub
stantially reducing t.reand expcsure;among 
minority rESidents in Ne.N York City (Carlton 
et al. 2004; Whyatt et al. 2003). In a SUr\eY 
that \Ne conducted during June and July 2002 
of pesticideproductssold in store; in minority 
communities of Ne.N York City, only 4 of 135 
store;surveye:J sold productscontaining chlor
pyrites, although 40%still had products con
taining diaz:inon (Carlton et al. 2004). In a 
foiiON-up 1 )€Elf" later, chlorpyrifcs wcs found 
in only one store and diaz:inon wcs found in 
18%, although it wcsstill available in 80% of 
the supermarkets (Carlton et al. 2004). Our 
data alro shaN that le.tels of tllEl:e irs:cticic:IEs 
in personal air and blood samples collected 
from our cohort mothers and ne.Nborns ha.€ 
bEen decreasing substantially ret\1\Een 1998 
and 2002 (Whyatt et al. 2003). Results from 
the pre:ent study additionally st.JgJ:SI: that the 
U.S. EPA regulatory action may well have 
improved birth outcomes among minority 
Jt:Sidents in Ne.N York City. 

Becat.re thEre are the first reports of an 
association bet\Neen umbilical cord plcsma 
chlorpyrifcs and diaz:inon le.els and reduced 
birth VI/eight and length, they fff!Uire confir
mation, especially in light of the uncertainties 
over the toxicokinetics of the ins:cticides in 
the fetus and the time frare of expcsure rep
re:ented by the biomarker. If the fetal grONth 
effectss:en here do, in kt, pro\ecausal, there 
may re continued caLre for concern, particu
larly for pregnant farm workers. Although the 
U.S. EPA regulatory cction ended all rESiden
tial and sorne~riculture us:s of chlorpyrifcs 
and diaz:inon, both are still Lred in ~riculture, 
including on multiple food crops (Srnegal 
1999; U.S. EPA2000b). Further, thegrONth 
effectss:en in the pre:entstudy are of a similar 
~nitude to there obrer\ed with maternal 
smoking during pregnancy (U.S. Public 
HEEith Service 1990) and appear to have 
occurre::l at 'very ION expcsure le.tels. All of the 
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estimated inhalation expcsure; of the mothers 
to chlorpyrifcs over the 48 hr of the personal 
monitoring rere rell reiON the U.S. EPA ref
erence dae, and cord blood le.tels ranged from 
0.4 to 63 pg/g. Estimated inhalation expcsure 
to d iaz:i non for a feN women exa:eded the 
U.S. EPA reference dae (Whyatt et al. 2002, 
2003), but mcst VI/ere relow it and the blood 
le.tels ranged from 0.5 to 13 pg/g. Given the 
potential implication of tllEl:e rESUlts to public 
hEEith, additional res:arch should re under
taken to confirm or refute tllEl:e fi ndi ng:;and to 
e.taluatecontinued risks, if any, a:rociated with 
ongoing us:s of the ins:cticides. It should re 
noted that the newborns in this cohort are 
reing folla.M:dand a:rociationsbetlrvl:en prena
tal ins:cticide expcsure and the child's neuro
cogniti've development are rei ng a:re:red. 
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